Canine urinary capillariosis is caused by the nematode Pearsonema plica. P. plica infection is seldomly detected in clinical practice mainly due to diagnostic limitations. This report describes six cases of urinary capillariosis in dogs from Italy. Recurrent cystitis was observed in one dog, whereas another patient was affected by glomerular amyloidosis. In the remaining animals, the infection was considered an incidental finding. Immature eggs of the parasite were observed with urine sediment examination in 3/6 patients. Increased awareness of the potential pathogenic role of P. plica. and clinical disease presentation could help identify infected animals.
Introduction
Urinary capillariosis in dogs is caused by Pearsonema plica (Trichurida, Capillariidae), a nematode that infects domestic and wild carnivores worldwide. Clinical cases of canine urinary capillariosis have been reported in the United States (Senior et al., 1980; Kirkpatrick and Nelson, 1987) and Europe, including France (Cazelles et al., 1989) , Switzerland (Spillmann and Glardon, 1989; Basso et al., 2014) , Holland (van Veen, 2002) , Poland (Studzińska et al., 2015) and Italy (Callegari et al., 2010; Maurelli et al., 2014) . Adult parasites live superficially attached to the mucosa of the urinary bladder, while the ureters and renal pelvis are seldom affected (Bork-Mimm and Rinder, 2011) . P. plica has an indirect life cycle that involves earthworms (Lumbricina) as intermediate hosts (Senior et al., 1980) and domestic and wild carnivores as definitive hosts (Anderson, 2000) . P. plica is most often reported in dogs with access to outdoor environments, especially hunting dogs and kenneled dogs (Senior et al., 1980; Callegari et al., 2010) . The red fox (Vulpes vulpes) is considered the wild reservoir of P. plica for domestic animals in Europe (Davidson et al., 2006; Magi et al., 2014) , but the wolf (Canis lupus) is emerging as an additional reservoir (Bagrade et al., 2009; Mariacher et al., 2015) . Despite the high prevalence in the red fox, urinary capillariosis has been rarely reported in dogs in Italy (Callegari et al., 2010; Maurelli et al., 2014) and the real occurrence of the disease is probably underestimated. Indeed, urinary capillariosis has often been regarded as having minor clinical and pathological significance, due to frequent subclinical presentations and limitations in its diagnosis (Otranto, 2015) . However, in heavy parasite loads, P. plica may be responsible for severe lower urinary tract maladies, both in domestic (Rossi et al., 2011; Basso et al., 2014) and wild carnivores (Fernández-Aguilar et al., 2010; Bork-Mimm and Rinder, 2011; Alić et al., 2015) . These urinary disorders generally include pollakiuria, dysuria and hematuria, may have chronic or recurrent clinical forms and do not improve after symptomatic or empirical antibiotic treatments (Senior et al., 1980; van Veen, 2002; Rossi et al., 2011) . Diagnosis of P. plica infection is based on examination of the urine sediment, an assessment seldom performed in the routine parasite diagnoses of dogs and cats (Otranto, 2015) as it is mostly reserved for symptomatic patients. Moreover, false negative results may commonly occur even when P. plica infection is established and symptomatic, due to a long prepatent period, irregular elimination of low numbers of eggs and difficulties in detecting immature or atypical eggs (Senior et al., 1980; Rossi et al., 2011; Basso et al., 2014; Maurelli et al., 2014) . This study describes six cases of urinary capillariosis in dogs, and highlights the variability of its clinical presentation.
Case details Six cases of urinary capillariosis were examined in two different veterinary facilities in Italy. Diagnoses were based on the detection of mature and immature P. plica eggs in the urinary sediment of the six dogs. Eggs were identified as P. plica based on: 1) mature eggs are barrel-shaped, colorless and operculated, show a slightly pitted wall and bipolar plugs and measure 55-68 μm x 24-29 μm (Basso et al., 2014) ; and/or 2) immature eggs are smaller, lack a shell and show rudimentary polar plugs (Basso et al., 2014) . Clinical details and findings at urine sediment examination are summarised in Tables 1 and 2 respectively. A. Mariacher et al. Open Veterinary Journal, (2016) 
Case 2
Case 2 was an intact male mixed-breed dog aged four. The dog had access to rural and forest environments during hunting season. This patient was referred for leishmaniasis, with no history of urinary signs and renal function parameters were in their normal range. Typical mature eggs of P. plica were identified in the urine sediment ( Fig. 2 ), along with a slight pyuria. Urinary capillariosis was treated with fenbendazole (50 mg/Kg orally once a day for seven days), and the urine sediment was negative for parasite eggs at seven and fourteen days after treatment.
Case 3
Case 3 was an intact male mixed-breed dog aged four, who was recently rescued from a dog shelter. The dog was presented for an evaluation of leishmaniasis, he had no history of urinary signs and renal function parameters were in their normal range. Mature eggs of P. plica were identified in the urine sediment, along with slight pyuria and hematuria. Urinary capillariosis was treated with fenbendazole (50 mg/Kg orally once a day for seven days), and the urine sediment was negative for parasite eggs at seven and fourteen days after treatment.
Case 4
Case 4 was an intact male mixed-breed dog aged eight, who lived indoors in an urban setting. The patient had a history of recurrent cystitis and hematuria. At physical examination the dog showed gross hematuria, and at urine sediment examination severe hematuria, moderate pyuria and rare immature eggs of P. plica were observed. Because only immature eggs were found the infection was not promptly identified in this case, and the dog only received symptomatic treatment Mariacher et al. Open Veterinary Journal, (2016) , Vol. 6(2): 84-88
Case 5
Case 5 was an intact male Lhasa Apso aged three, who lived indoors in an urban setting. The dog was presented for lethargy and fever. Immature eggs of P. plica were identified in the urine sediment, along with a slight pyuria. Physical examination and clinical laboratory tests did not identify a specific cause of disease and a fever of unknown origin was eventually diagnosed. The dog did not receive any specific treatment for urinary capillariosis and was later lost to follow-up.
Case 6
Case 6 was a neutered female American Staffordshire aged nine, who lived indoors in an urban setting. The patient was presented with urinary tenesmus. At urine sediment examination severe hematuria, slight pyuria and immature eggs of P. plica were observed. A pelvic hemangiosarcoma compressing the urethra was diagnosed with computed tomography and histopathology. Because of the poor prognosis, the owners consented to perform euthanasia. Discussion Of the six cases of urinary capillariosis presented here, one dog showed characteristic clinical signs, consisting of recurrent episodes of hematuria and cystitis (case 4). This patient was asymptomatic six months after the initial diagnosis and its urine sediment was negative for capillariid eggs, despite not receiving any antiparasitic treatment. This finding could be explained by the gradual decrease in the excretion of eggs in the urine, which can occur within a couple of months from the onset of the patent infection (Senior et al., 1980) . The fact that self-limiting infections may occur must not lead to neglecting urinary capillariosis in terms of diagnosis and therapy. There are reports of cases that feature severe clinical signs that may be in relation to a high number of adult parasites and to the chronicity of the infection (Rossi et al., 2011; Basso et al., 2014) . Furthermore, it cannot be excluded that urinary with non-steroidal anti-inflammatory drugs. Six months after the initial examination, the dog was presented for a routine health control and the resulting urine sediment examination was negative for P. plica. A. Mariacher et al. Open Veterinary Journal, (2016), Vol. 6(2): 84-88 capillariosis may contribute to the onset or worsening of renal disease. Indeed, one of the infected animals (case 1) showed considerable similarities to a dog previously described by Callegari et al. (2010) that was affected by glomerular amyloidosis and chronic interstitial nephritis. Since in both cases common infectious diseases were ruled out, P. plica infection was considered to be a contributing factor to the deposition of amyloid substance, via a chronic antigenic and inflammatory stimulus (Callegari et al., 2010) . In the remaining four cases, the detection of eggs in the sediment was considered an incidental finding. The absence of clinical signs, in these cases, may be due to a low number of adult parasites in the urinary tract or to their only very superficial attachment to the bladder mucosa (Kruger and Osborne, 1993; Bowman et al., 2002) . In all the cases presented, urine sediment examination showed slight pyuria in absence of bacteria, while hematuria was not a constant finding with 2/6 dogs exhibiting both gross and microscopic hematuria. In cases 4, 5 and 6, only immature eggs, lacking the outer shell and with rudimentary opercules, were detected in the urine sediment. The regular presence of immature, along with mature, P. plica eggs in the urinary sediment of an infected dog has been reported in a previous study (Basso et al., 2014) . Data from this study confirm this finding and indicate that in infected dogs the detection of immature P. plica eggs may be rather frequent. In this study, two of the three infected dogs in which only immature eggs were isolated, showed no typical signs of urinary capillariosis. This may be due to a low parasite load, or it is possible that finding only immature eggs may be more likely when the number of eggs in the urinary sediment is low. Moreover, this result also indicates that a specific parasitological experience is needed to diagnose the infection in similar cases. Cases 4, 5 and 6 lived exclusively indoors and were only walked outside on a lead by their owners. This finding suggests that contact with infected intermediate hosts can easily occur even in urban environments. Therefore, P. plica infection should always be included in the differential diagnosis of diseases of the lower urinary tract, even when the patient does not live outdoors. The spread of foxes into urban and periurban areas is a common phenomenon occurring in many European countries (Sréter et al., 2003) and this could result in an increased risk of infection for pets. Two other cases (cases 1 and 2) involved hunting dogs working in rural and forest environments, where they were most likely exposed to settings contaminated by wild reservoir hosts (foxes and wolves). Case 3 was recently rescued from a dog shelter, an environment where infection by P. plica is known to be easily maintained and spread (Senior et al., 1980) . Interestingly, 5/6 infected animals were intact males, but sex predilection was not observed in a previous study by Senior et al. (1980) involving a larger number of animals. Treatment of P. plica infection can be challenging and over time it has been attempted with off-label use of different drugs such as: benzimidazoles, avermectines and levamisole. However, to date there are no approved drugs for treating dogs with urinary capillariosis (Senior et al., 1980; Kirkpatrick and Nelson, 1987; van Veen, 2002; Basso et al., 2014; Studzińska et al., 2015) . Treatment with fenbendazole performed on three animals in this study appeared to be effective; however, it was recently pointed out that standard urinary sediment examination is not the most adequate way to monitor treatment effectiveness, and more sensitive methods should be used (Otranto, 2015) .
In conclusion, data from the present study emphasize the importance of including urinary capillariosis in the differential diagnosis of both chronic and recurrent lower urinary tract and renal disease. Clinicians should be aware that false negative results can be obtained at urinary sediment examination in symptomatic patients, due to low sensitivity of the technique and to parasite biology. Moreover, infection may run asymptomatic, so routine parasitological examination of the urine sediment is advisable in dogs, regardless of the presence or absence of urinary clinical signs. Recently, FLOTAC and Mini-FLOTAC were found to be more sensitive than the classic sedimentation technique in detecting Pearsonema eggs in urine specimens (Maurelli et al., 2014) . Furthermore, in infected dogs ultrasonographic examination may reveal hyperechogenicity and thickening of the bladder wall, while endoscopic examination of the urine bladder may detect viable P. plica worms attached to the mucosa (Basso et al., 2014) . Development and adoption of more sensitive techniques would be welcome in order to help clinicians diagnose and monitor urinary capillariosis.
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